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Abstract
Ourdays, the use of meta-models in analyze of potato pathogens control became more and more used. Lots of
studies approach this issue as instrument for preventing when possible, and reduce the importance of late blight attack
in potato. The aim of study is to implement the tools of meta-models in order to establish a mathematically based
relationship between the climatic conditions specific to the county of Cluj and intensity of the Phytophtora infestans
Mont. de Bary attack degree in different conditions of fertilization and treatments.The research was carried on during
April – September 2013 in a 500 m2 field, with argic chernozem soil, located in a private potato farm from Top village,
county of Cluj. Temperature, rainfall regimen were monitored using a meteorological station placed on the field, while
attack degree was noted by field observations. Fertilization was performed with both mineral (NPK) and organic
fertilizers (compost), and treatments with conventional (Infinito 687.5 SC from Bayer) and unconventional products
(Bordeaux Mixture).  Nine experimental variants were used. The statistical data processing was performed with
STATISTICA 7.0 v. programme. Within specific climatic conditions of the county of Cluj, best results were obtained
when organic fertilization and Bordeaux Mixture were used. In these conditions, the lowest attack degree (AD% =
1.39%) was reported. The biggest Phytophtora infestans Mont. de Bary attack degree, 9.18%, respectively, was
reported for the variant that benefit of organic fertilization and treated with Infinito 687.5 SC fungicide. The
multiregression analyze demonstrates that treatment with Bordeaux Mixture has influence in possibility of predicting
the Phytophtora infestans Mont. de Bary attack degree upon potato cultures, function of temperature and rainfall
regimen in climatic conditions of the county of Cluj, while fertilization variant may be neglected.
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1. Introduction
Because meta-models may represent a useful
tool in managing the control of potato pathogens,
more and more attention is focused on developing
approaches that involve this component. Due to the
importance of potato in Romania, this crop receives
lot of preoccupation from both researchers and
farmers [3].
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Being well known the influence of temperature
and rainfall regimen upon the development of one of
the most important threat against potato cultures
development, Phytophtora infestans Mont. de Bary
respectively, it may be of interest to implement the
meta – model approach in a preliminary study
concerning the evolution of Phytophtora infestans
Mont de Bary attack degree function of the evolution
of the temperature and rainfall regimen [1, 4, 5, 6, 9].
Thus, we can mention lots of studies developed with
the aim of using this approach as instrument for
preventing when possible, and reduce the importance
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The temperature and rainfall regimen,
specific for the county of Cluj are not a favorable
factor for the development of a high attack degree of
Phytophtora infestans Mont. de Bary, mainly in
early spring and early fall, when average
temperature is not more than 10 0C, and rainfall
supply is also reduced. Even the  late blight attack
degree increases in late spring and summer when
average temperatures are around 20 0C and rainfall
average more that 65 mm/month [3, 7, 8], it normal
conditions it may be controlled in an appropriate
manner. Even though, disease may be a threat when
extreme climatic conditions may be recorded (high
temperatures and high rainfall regimens), and
scientific and monitoring tools may be useful means
in controlling disease together with specific phyto-
pathological practices.
This preliminary study implements the tools
of meta-models in order to establish a
mathematically based relationship between the
climatic conditions specific to the county of Cluj
and intensity of the Phytophtora infestans Mont. de
Bary attack degree in different conditions of
fertilization and treatments.
2.Material and Method
The research was carried on during April –
September 2013 in a 500 m2 field, with argic
chernozem soil, located in a private potato farm
from Top village, county of Cluj. Temperature,
rainfall regimen were monitored using a
meteorological station placed on the field, while
attack degree was noted by field observations.
Rainfall regimen and average daily temperature
were taken into consideration, in approaching the
multiregression model with low inputs. Resdec
potato stain was cultivated, due to its good
suitability to the pedological and climatic conditions
of the county of Cluj.
Fertilization was performed with both mineral
(NPK) and organic fertilizers (compost), and
treatments with conventional (Infinito 687.5 SC
from Bayer) and unconventional products
(Bordeaux Mixture).  The following experimental
variants were used: V1 (Control) – no fertilization,
no treatment,V2 – no fertilization, treatment with
Bordeaux Mixture, V3 – no fertilization, treatment
with Infinito 687.5 SC; V4 – mineral fertilization,
no treatment; V5 – mineral fertilization, treatment
with Bordeaux Mixture, V6 – mineral fertilization,
treatment with Infinito 687.5 SC; V7 – organic
fertilization, no treatment; V8 – organic fertilization,
treatment with Bordeaux Mixture, V9 – organic
fertilization, treatment with Infinito 687.5 SC. The
Phytophtora infestans Mont. de Bary attack degree
was noted by independent observation.
Basic statistics was used in order to
emphasize the averages and parameters of
dispersion recorded in climatic conditions
(temperature and rainfall regimen) and attack degree
(AD%) of Phytophtora infestans Mont de Bary
against Resdec potato cultures managed in different
fertilization and treatment systems from
experimental field. The significance of differences
between recorded between the attack degrees
(AD%)  was calculated using One-way ANOVA
test. Box – plot diagrams were used for emphasizing
the averages of the attack degree, and surface plots
for illustrating the multiregression analyze (attack
degree, rainfall regimen and temperature).
The statistical data processing was performed
with STATISTICA 7.0 v. programme.
3.Results and Discussions
Basic statistic (table 1) shows that during
experimental period, the biggest average attack
degrees were recorded when Infinito 687.5 SC
product was used for treatment against late blight, in
all fertilization variants (V9, organic fertilization -
9.18%, V3, no fertilization – 6.06% and V6, mineral
fertilization – 4.47%). Best results were obtained in
conditions of organic fertilization and treatment
with Bordeaux Mixture (V8), when the smallest
attack degree was reported, AD = 1.39%. The
Kurtosis, bigger compared to normal for majority of
variants (except V8) show the large repartition
interval of individual values, while Skewness
emphasizes a leptokurtic repartition in all cases with
a diffuse grouping around averages, more
accentuated for variants V4, V5, V1 and V3 (table
1). The averages of temperature and precipitations
during experimental period framed within normal
limits (table 2). Concerning temperature, the
polikurtic repartition with high diffuse grouping
around average may be explained by the extension
of experimental period, which includes three
seasons (from spring to autumn) characterized by
large temperature interval (table 2). In the mean
time, the leptokurtic repartition with a compact
grouping around average demonstrates the uniform
values of rainfall regimen during the experimental
period (table 2).
The Box-plot diagram (fig. 1) of average
attack degrees recorded in all nine experimental
variants demonstrates the normal repartition of their
values. The biggest individual values dispersion
may be noticed mainly in variants where big attack
degree was recorded (e.g. V8).
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Table 1. Basic statistics concerning the attack degree (AD%) of Phytophtora infestans Mont de Bary against
Resdec potato cultures managed in different fertilization and treatment systems from experimental field
located in Top village, county of Cluj, Romania
Statistical parameter V1 V2 V3 V4 V5 V6 V7 V8 V9
n 18 18 18 18 18 18 18 18 18
Mean, SX 3.76 3.32 6.06 2.45 3.06 4.47 4.08 1.39 9.18
Standard error of average Xs 0.53 0.70 0.67 0.62 0.83 0.51 0.54 0.15 0.75
Standard deviation sd 2.26 2.99 2.83 2.63 3.53 2.15 2.28 0.66 3.18Variance 5.09 8.95 7.99 6.90 12.43 4.63 5.20 0.43 10.09
Skewness 1.45 0.87 1.23 2.30 1.51 0.81 0.83 0.52 0.30
Kurtosis 1.70 1.87 1.37 5.45 1.74 1.85 0.38 1.96 4.20
V1 – no fertilization, no treatment,V2 – no fertilization, treatment with Bordeaux Mixture, V3 – no fertilization, treatment with Infinito 687.5 SC; V4
– mineral fertilization, no treatment; V5 – mineral fertilization, treatment with Bordeaux Mixture, V6 – mineral fertilization, treatment with Infinito
687.5 SC; V7 – organic fertilization, no treatment; V8 – organic fertilization, treatment with Bordeaux Mixture, V9 – organic fertilization, treatment
with Infinito 687.5 SC.
Table 2. Basic statistics concerning the climatic conditions (temperature and precipitation regimen) from
experimental field located in Top village, county of Cluj, Romania
Statistical parameter Temperature (0C) Precipitation regimen (mm)
n 183 183
Mean, SX 16.86 4.45
Standard error of average Xs 0.28 0.18
Standard deviation sd 3.80 2.44Variance 14.45 5.93
Skewness -1.26 0.08
Kurtosis 0.87 2.84
V1 – no fertilization, no treatment,V2 – no fertilization, treatment with Bordeaux Mixture, V3 – no fertilization, treatment with Infinito 687.5 SC; V5
– mineral fertilization, no treatment; V6 – mineral fertilization, treatment with Bordeaux Mixture, V7 – mineral fertilization, treatment with Infinito
687.5 SC; V9 – organic fertilization, no treatment; V10 – organic fertilization, treatment with Bordeaux Mixture,
V11 –  organic fertilization, treatment with Infinito 687.5 SC.
Figure 1. The Box-plot diagram of Phytophtora infestans Mont de Bary attack degree (%) against Resdec potato
cultures managed in different fertilization and treatment systems from experimental field located in Top village, county
of Cluj, Romania
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If we analyze the significance of differences
between analyzed variants, we notice that, compared
to V1 (Control), where potato culture was no
fertilized and not treated, the recorded attack
degrees were bigger for variants V7 (organic
fertilized, but no treated) by 0.327% and V3 (no
fertilized, treated with Infinito 687.5 SC), by
2.297%, but differences are not statistically assured
at significance threshold of 5% (table 3). In control
variant (V1), the attack degree was bigger compared
to V2 (no fertilized and treated with Bordeaux
Mixture) by 0.443 % and V4 (fertilized and no
treated) by 1.311 %, with differences are not
statistically assured at significance threshold of 5%
(table 3).
Statistically significant difference (p < 0.05)
was recorded between Phytophtora infestans Mont.
de Bary attack degree in potato cultures from V6
(mineral fertilized and treated with Infinito 687.5
SC) and V9 (organic fertilized and treated with
Infinito 687.5 SC). The attack degree recorded in
V9 was with 4.708% bigger in V9 compared to V6
(table 3). Statistically assured differences were
recorded between Phytophtora infestans Mont. de
Bary attack degrees in potato cultures, which benefit
of organic fertilization.
Table 3. The significance of differences between the attack degrees (AD%) of Phytophtora infestans Mont
de Bary against Resdec potato cultures managed in different fertilization and treatment systems from
experimental field located in Top village, county of Cluj, Romania
Statistical parameters Variant
V1 – V4 V1 – V7 V4 – V7
Difference ViX - VjX 1.311ns - 0.325 ns - 1.636 ns
DF 34 34 34
t 0.927 - 0.248 - 1.152
p 0.375 0.808 0.276
V2 – V5 V2 – V8 V5 – V8
Difference ViX - VjX 0.253 ns 1.923 ns 1.670 ns
DF 34 34 34
t 0.133 1.537 1.140
p 0.896 0.155 0.280
V3 – V6 V3 – V9 V6 – V9
Difference ViX - VjX 1.583 ns - 3.015 ns - 4.708*
DF 34 34 34
t 1.091 - 1.800 -  3.006
p 0.300 0.101 0.013
V1 – V2 V1 – V3 V2 – V3
Difference ViX - VjX 0.443 ns - 2.297 ns - 2.740 ns
DF 34 34 34
t 0.289 - 1.556 - 1.631
p 0.778 0.151 0.133
V4 – V5 V4 – V6 V5 – V6
Difference ViX - VjX - 0.615 ns - 2.025 ns - 1.410 ns
DF 34 34 34
t - 0.343 - 1.460 - 0.835
p 0.739 0.174 0.422
V7 – V8 V7 – V9 V8 – V9
Difference ViX - VjX 2.691 - 5.097 - 7.778
DF 34 34 34
t 2.776 - 3.193 - 5.881
p 0.019* 0.009** 0.0001***
ns - p > 0.05; * -  p < 0.05; ** -  p < 0.01; *** -  p < 0.001
V1 – no fertilization, no treatment,V2 – no fertilization, treatment with Bordeaux Mixture, V3 – no fertilization, treatment with Infinito 687.5 SC; V4
– mineral fertilization, no treatment; V5 – mineral fertilization, treatment with Bordeaux Mixture, V6 – mineral fertilization, treatment with Infinito
687.5 SC; V7 – organic fertilization, no treatment; V8 – organic fertilization, treatment with Bordeaux Mixture, V9 – organic fertilization, treatment
with Infinito 687.5 SC.
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Significant difference of 2.691% (p < 0.05)
was recorded between Phytophtora infestans Mont.
de Bary attack degree between V7 (organic
fertilization, no treatment) and V8 (organic
fertilization, treatment with Bordeaux Mixture),
while between Phytophtora infestans Mont. de Bary
attack degree recorded in V9 and V7 difference
(5.097%) was distinct significant (p < 0.01), and
between V9 and V8 the difference (7.778%) was
statistically very significant (p < 0.001).
The multiregression approach emphasizes the
interrelationships between Phytophtora infestans
Mont. de Bary attack degree, temperature and









a.Variant 1, no fertilization, no treatment
AD (%) = - 0.212 + 0.741 (t,0C) – 0.837 (pp, mm)
R = 0.761, R2 = 0.579
c. Variant 3, no fertilization, treatment with
Infinito 687.5 SC
AD (%) = 9.476 - 0.276 (t,0C) + 0.008 (pp, mm)















AD (%) AD (%)
d.Variant 4, mineral fertilization, no
treatment
AD (%) = 7.465 - 0.614 (t,0C) + 0.4468 (pp, mm)
R = 0.529, R2 = 0.281
b. Variant 2, no fertilization, treatment with
Bordeaux Mixture
AD (%) = 2.891 + 0.074 (t,0C) – 0.104 (pp, mm)
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e. Variant 5, mineral fertilization, treatment
with Bordeaux Mixture
AD (%) = 14.680 - 0.939 (t,0C) + 0.488 (pp, mm)

















f. Variant 6, mineral fertilization, treatment
with Infinito 687.5 SC
AD (%) = 9.476 - 0.276 (t,0C) + 0.008 (pp, mm)
R = 0.271, R2 = 0.073
AD (%)
g.Variant 7, organic fertilization, no
treatment
AD (%) = 7.686 - 0.199 (t,0C) - 0.4381 (pp, mm)








h. Variant 8, organic fertilization, treatment
with Bordeaux Mixture
AD (%) = 14.680 - 0.939 (t,0C) + 0.488 (pp, mm)
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Figure 2. The surface plot diagram of Phytophtora infestans Mont de Bary attack degree (%) against Resdec potato
cultures managed in different fertilization and treatment systems and specific temperature (0C) and rainfall (mm)
conditions (a – i) from experimental field located in Top village, county of Cluj, Romania
Strong multiple correlations were recorded
between temperature, rainfall regimen and
Phytophtora infestans Mont. de Bary attack degree
in variants: V1 - R = 0.761 (fig. 2, a), V2 - R =
0.790 (fig. 2, b), V5 - R = 0.790 (fig. 2, e), and V8 -
R = 0.790 (fig. 2, h). They are representative for
more than a half of the samples.
Moderate multiple correlations were recorded
between temperature, rainfall regimen and
Phytophtora infestans Mont. de Bary attack degree
only for two variants V4 - R = 0.529 (fig. 2, d) and
V7 - R = 0.516 (fig. 2, g), respectively. They are
representative for 28.10% of sample for Variant 4,
which received mineral fertilization, and was not
treated, and for 26.60% for Variant 7, which
received organic fertilization, and was not treated.
Weak and very weak multiple correlations
were recorded between temperature, rainfall
regimen and Phytophtora infestans Mont. de Bary
attack degree for the following variants: V3 - R =
0.271 (fig. 2, c), V6 - R = 0.271 (fig. 2, f) and V9 -
R = 0.089 (fig. 2, i), respectively. They are almost
not representative for the samples. The results show
that the strongest multiple correlations were
recorded between temperature, rainfall regimen and
Phytophtora infestans Mont. de Bary attack degree
in variants where the smallest attack degrees were
reported – V1, V2, V5, and V8; while the weakest
were recorded in variants where the biggest values
of Phytophtora infestans Mont. de Bary attack
degrees were identified, V9, V3 and V6,
respectively.
These results show the important influence
of treatment with Bordeaux Mixture and low
influence of fertilization variant in possibility of
predicting the Phytophtora infestans Mont. de Bary
attack degree upon potato cultures, function of
temperature and rainfall regimen.
4.Conclusions
Important contribution in reducing the
intensity of Phytophtora infestans Mont. de Bary
attack degree is brought by the fertilization variant
applied to culture in combination with treatment.
This trial demonstrates that in conditions of the
county of Cluj best results may be obtained when
organic fertilization is practiced and treatment agent
is the Bordeaux Mixture, conditions that led to the
lowest Phytophtora infestans Mont. de Bary attack
degree, of 1.39%.
Because the biggest Phytophtora infestans
Mont. de Bary attack degree, 9.18%, respectively,
was reported for the variant that benefit of organic
fertilization and treated with Infinito 687.5 SC
fungicide, we recommend avoiding this cultural
practice.
The multiregression analyze, as example of
meta-model implemented in order to predict de
evolution of late blight attach function of climatic
i. Variant 9, organic fertilization, treatment
with Infinito 687.5 SC
AD (%) = 20.651 - 0.767 (t,0C) - 0.113 (pp, mm)
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conditions, if applied to all experimental variants,
demonstrates that treatment with Bordeaux Mixture
has considerable influence in possibility of
predicting the Phytophtora infestans Mont. de Bary
attack degree upon potato cultures, function of
temperature and rainfall regimen in climatic
conditions of the county of Cluj, while fertilization
variant may be neglected.
References
[1] Audsley E., K.R. Pearn, P.A. Harrison, P.M. Berry,
2008, The impact of future socio-economic and climate
changes on agricultural land use and the wider environment
in East Anglia and North West England using a metamodel
system, Clim.Change, 90 (1 – 2), 57 – 88
[2] Coakley S., H. Scherm, S.Chakraborty, 1999, Climate
change and plant disease management. Annual Review of
Phytopathology, 37, 399 – 426
[3] Deahl K.L., S.P. De Muth, S.L. Sinden, A. Rivera-
Pena, W. Stevenson, R. Loria, G. Franc, D. Weingartner,
2001, Compendium of Potato Diseases, Second Edition.
APS Press. St. Paul Minnesota. USA,  106
[4] Jones J.W., N.B. Pickering, C. Rosenzweig, C.J.
Boote, 1997, Simulated impacts of global change on
crops. University of Florida, Gainsville, Florida, U.S.A.,
Technical Bulletin, 100, 411 – 434
[5] Mendelsohn R., A. Dinar, A.Sanghi, 2001, The effect
of development on the climate  sensitivity of agriculture,
Environment and Development Economics, 6, 85 -101
[6] Rosenzweig C., A. Iglesias (Eds), 1994, Implications of
climate change for international agriculture: crop modelling
study. Environmental Protection Agency (EPA) Washington
D.C. U.S.A., 94 – 103
[7] Oroian I., V. Florian, L. Holonec, 2006, Atlas de
fitopatologie, Ed. Academiei Române, Bucureşti
[8] Puia Carmen Emilia, 2005, Fitopatologie. Patografie.
Etiologie, Ed. Risoprint, Cluj-Napoca
[9] Rosenzweig C., M. Parry, 1994, Potential impact
of climate change on world food supply. Nature,
367, 133 – 138
[10] Sonoda, 1988, Analysis of spatial pattern of plant
pathogens and diseased plants using geostatistics.
Phytopathology, 78221 – 226
